To establish a model to simulate the clinical specific process of peripherally inserted central catheter (PICC) on rabbits, and detect how long the catheter can be indwelled.
Introduction
Peripherally inserted central catheter (PICC) is a deep venous catheter insertion technology. This catheter is made of silicone or polyurethane, and it can be inserted in the peripheral venous system with the catheter tip located in the superior vena cava 1 . It's not only used for administration of intravenous fluid, total parenteral nutrition, anticancer agents, antibiotics, and blood products, but also for the through line blood sampling in clinical 2 .
Compared to the traditional veinpuncture, PICC has its specific advantages such as lower risk, fewer complications, longer indwelling time and so on, and it has been accepted by health care professionals and patients.
However, insertion of thesethinnest catheters is a very delicate procedure associated with a high failure rate. During the nursing teaching and training for PICC clinical specialist, students can only learn the basic knowledge about PICC and understand the procedures, but they lack of practical training, which greatly affect the nurses to master the PICC catheterization. At the same time, researchers cannot take the patients as the research objectives directly, which interfere their in-depth mechanism research.
Due to lack of reliable and high similarity of animal models, the experimental studies were restricted.
Methods
We followed the ethical code of the Council for
International Organization of Medical Sciences (CIOMS) for animal experimentation.
Seventeen healthy New Zealand white rabbits (six months of age, 3kg) provided by animal experiment center of the Bengbu medical college were used in this study. All animals received a thorough physical examination before the study. Any animal that did not meet the health and weight criteria, such as any infection, inflammation, dermatitis etc, was excluded from the study. All selected animals were bred under the routine condition including ventilation, cleanliness, environmental temperature and so on. and removed left upper limb hairs. Hairs must be clean, and then fully exposed the puncture site. Next, disinfected the site using 75% alcohol and iodophor. The first time to disinfect using the 75% alcohol disinfection, 6 times, was to remove the skin grease and dilate blood vessels, and followed with 6 times of disinfection using the iodophor cotton balls, ensuring the maximum area of aseptic operation, and then laid the shop drapes( Figure 1A ). Connected heparin cap joint, and then used 10ml heparin dilution (100u/l) for positive pressure pulse type tube to prevent blood clotting 7 .When in use, the lines were flushed with 5ml of normal saline before and after use( Figure 1C -E).
9. After sealing, the skin entry site was dressed with a small sterile alginate by covering 3M dressing to reduce the puncture point bleeding and the risk of bacterial phlebitis 8 . The PICC exit site dressing should be changed weekly ( Figure 1F-G) . 
Evaluation of the model
After catheterization, each rabbit was taken x-ray to determine the position of the catheter tip. Then raised the puncture side body, and the color of the local skin should be normal. Animal survival time was just appropriate, and should meet the requirements of the follow-up tests. All animals were observed for morbidity and mortality, overt signs of toxicity (including abstinence of water), and any signs of distress throughout the study.
Animals were euthanized with an overdose of chloralhydrate at 14,21,28,35 days after catheterization. Then we used HE staining method to observe the change of vascular endothelium which was inserted catheter.
Results
In 4 groups the total numbers of first successful punctures for the first time was 12, and the second or more numbers for successful punctures was 4. The total numbers of first catheterization was 13, and the second or more numbers was 3 ( Table 1 ). The average inserted length is 13.5±1.72cm, the average reserved length is 3.2±1.14cm, and the average operation times is 43.5±13.94min.
Early endovascular inflammation were predominantly neutrophils, then mainly monocytes, visible fibrous tissue hyperplasia of the vessel wall, vascular endothelial proliferation and granuloma formation. After that, the irreversible changes in the blood vessels could be observed gradually, especially five weeks after catheterization (Figure 3 ). The X-ray shows the tip of catheter was located at the rabbit superior vena cava, just as the arrow points ( Figure 2) . Besides, it greatly reduces risk of complication related to the procedure, such as pneumothorax, haemothorax and accidental arterial puncture, and it is easily performed by nurses rather than doctors, which reduce the medical costs and improves patients' health care, and could be available for outpatients 13 .
According to US Census Press release, the number of PICC catheter operation by nurses has researched accounted for According to the results of the change of vascular endothelium, we found in that the early endovascular inflammation were predominantly neutrophils, then followed with monocytes, visible fibrous tissue hyperplasia of the vessel wall, vascular endothelial proliferation and granuloma formation. Finally the irreversible changes in the blood vessels occurred, especially five weeks after catheterization, so we suggest catheter indwelling time should be less than five weeks on rabbit.
There were also some restrictions in the process of establishment model. Because the rabbit blood vessels were too thin to be cleared under the ultrasound imaging, we only used the blind puncture technology, instead of the Saidingge puncture under ultrasound guidance, we need to find some ways to solve this problem.
Conclusions
The establishment of rabbit model for peripherally inserted central catheter provided a practical tool for nursing teaching and training clinical specialists, which could be widely used in the nursing field. Due to the irreversible vascular alterations five weeks after catheterization, we suggest catheter indwelling time should not be more than five weeks on rabbit.
